Abstract. Lipopolysaccharides (LPSs) are an important initiation factor in acute respiratory distress syndrome. The aim of the present study was to investigate the effect of LPSs on the regulation of angiotensin II (Ang II) receptors in human pulmonary microvascular endothelial cells (HPMECs). HPMECs were treated with 0, 50, 100 or 200 ng/ml LPS and incubated for 4, 8, 12 or 16 h. The expression of Ang II type 1 receptor (AT1R) and Ang II type 2 receptor (AT2R) was determined using reverse transcription-polymerase chain reaction and western blot analysis. The affinity to Ang II was measured using a radioligand binding assay. No AT2R expression was detected with or without LPS administration in HPMECs, and LPS treatment increased the expression level of AT1R. A time-dependent increase of AT1R transcription was observed in the 50 ng/ml group, while in the 100 and 200 ng/ml groups, the AT1R mRNA levels reached peak values at 4 h and remained unchanged. The protein level of AT1R increased significantly in a dose-dependent manner for each incubation time period. A time-dependent increase in the protein level was observed in the 50 and 100 ng/ml groups. As for the 200 ng/ml group, the level of AT1R reached a peak value at 8 h. Maximal binding (Bmax) significantly increased following LPS treatment and Bmax of the 50 ng/ml group exhibited a time-dependent increase. The Bmax of the 100 and 200 ng/ml groups reached peak values at 12 and 8 h, respectively, and decreased thereafter. The dissociation constant remained unchanged following LPS treatment. Thus, treatment with LPS increased AT1R expression and its Bmax to Ang II in HPMECs, however, did not alter the affinity of AT1R to Ang II.
Introduction
Angiotensin II (Ang II) is a major effector peptide of the renin-angiotensin system (RAS), which controls blood pressure and the blood volume of the cardiovascular system (1, 2) . Previous studies demonstrated that Ang II is involved in key events in the regulation of various types of inflammatory mediator (3, 4) . The effect of Ang II is mediated by two G protein-coupled receptors, Ang II type 1 receptor (AT1R) and Ang II type 2 receptor (AT2R), which competitively bind to Ang II. AT1R stimulates protein phosphorylation, while AT2R stimulates protein dephosphorylation, which counterbalances the effects of protein kinases, particularly mitogen-activated protein kinases. The expression of AT1R and AT2R vary in states of injury, ischemia and inflammation and differ among tissues and organs (5, 6) . A switch in binding to AT1R or AT2R affects the physiological and pathological functions of Ang II (7) .
Evidence suggests that RAS is critical in acute lung injury (ALI) and acute respiratory distress syndrome (ARDS) (5, 8, 9) . In the development of ARDS, the RAS is activated, leading to a significant increase in levels of Ang II in the bronchoalveolar lavage fluid and aggravating the lung inflammatory response (9) . In addition, lipopolysaccharides (LPS) are considered to be important initiation factors for ARDS. LPSs increase pulmonary endothelial permeability, which results in pulmonary edema and ALI (10, 11) . In addition, a previous study revealed that LPS upregulated the expression of AT1R in rat pulmonary microvascular endothelial cells (PMECs) (12) ; however, verification in human cells remained to be elucidated. To further examine this area, the regulation of LPS on Ang II receptors in human PMECs (HPMECs) was investigated in the present study. Boye Biotech Co., Ltd., Zhenjing, China). The cells of passage 6 were used for identification. Monolayers of cells were grown to confluence on gelatin-coated glass coverslips. The coverlips were then washed twice with phosphate-buffered saline (PBS; Shenneng Bocai Biotechnology Co., Ltd., Shanghai, China), fixed in acetone at 4˚C and allowed to air dry. Subsequently, the cells were stained with the antibodies (anti-vWF-FITC, anti-desmin-FITC, anti-cytokeratin-FITC and anti-CD31-FITC; 1:1,000 dilution), respectively, on ice for 20 min in the dark. Subsequently, cells were washed three times with PBS. The detected cells were viewed under a fluorescence microscope (L2001A; Boshida Optical Instrument Co., Ltd, Shenzhen, China).
Materials and methods

Reagents. LPS from
Cell culture and intervention. The culture of HPMECs was performed according to a modified version of a previously described method (13) . Briefly, the frozen HPMECs were thawed, and inoculated at a density of 5,000 cells/cm 2 into a T-25 flask (Sigma-Aldrich) containing 5 ml ECM with 1% ECGS, penicillin (60 µg/ml), streptomycin (100 µg/ml) and 5% fetal bovine serum (all from ScienCell Research Laboratories) at 37˚C. The HPMECs were subsequently placed in an incubator under a 5% CO 2 humidified atmosphere. Passages 6-7 were used for experimentation. LPS at varying concentrations (0, 50, 100 or 200 ng/ml) was added and the cells were incubated for 4, 8, 12 or 16 h.
Semi-quantitative reverse transcription-polymerase chain reaction (RT-PCR) assay.
Total RNA was extracted from the HPMECs using the RT system according to the manufacturer's instructions. RT-PCR was performed with an AccessQuick RT-PCR system (Promega Corp.) according to the manufacturer's instructions. The primer sequences were designed and synthesized by (Sangon Biotech, Shanghai, China) with sequences as follows: Forward, 5'-CCA GCT ATA ATC CAT CGAAA-3' and reverse, 5'-TGA ATA TTT GTG GGG AATC-3' for AT1R; forward, 5'-CTG CTG TTG TTC TGG CCT TCA-3' and reverse, 5'-CTC TCT CTT TTC CCT TGG AGTT-3' for AT2R. GAPDH was co-amplified as an internal control using the following primer sequences: Forward, 5'-CTT CAT TGA CCT AAC TAC ATGG-3' and reverse, 5'-GAG GGG CCA TCC ACA GTC TTCTG-3' for GAPDH. The designed primers were confirmed using HRMCs as a positive control into which AT1R and AT2R were transcribed (data not shown). Thermocycling conditions were as follows: 94˚C (2 min) followed by 94˚C (30 sec), 57˚C (1 min) and 68˚C (2 min) for 32 cycles, and 7 min at 72˚C. The PCR products were stored at -20˚C prior to quantification by electrophoresis on agarose gels (Shenneng Bocai Biotechnology Co., Ltd.), which were scanned and analyzed using Gel Scan2XL system (Shimadzu, Kyoto, Japan) for semi-quantitative evaluation. Quantity and quality of the included RNA were controlled by an additional PCR from the same reverse-transcription samples using GAPDH as an internal standard. The PCR products were electrophoresed on agarose gels.
Western blotting. The cells were harvested, lysed in chilled cell lysis buffer (radioimmunoprecipitation assay buffer; Shenneng Bocai Biotechnology Co., Ltd.) at a density of 10 6 cells/500 µl for 10 min and centrifuged at 15,000 x g at 4˚C for 15 min. The precipitate was recovered and stored in aliquots at -80˚C. The protein concentration of samples was estimated using ultraviolet spectrophotometry (BioSpectrometer; Eppendorf, Hamburg, Germany). Immunoblotting was performed as previously described (14) . Briefly, the protein samples were electrophoresed and the gels were transferred onto polyvinylidene difluoride membranes (Shimadzu, Kyoto, Japan) prior to blocking for 2 h with 5% bovine serum albumin (BSA) and 0.05% Tween-20 in PBS (all from Shenneng Bocai Biotechnology Co., Ltd.). Subsequently, the samples were incubated with mouse anti-human AT1R or AT2R monoclonal antibodies (1:2,500; 8 µg/ml) in 5% BSA overnight at 4˚C. The blot was washed three times with PBS and then incubated with HRP-linked goat anti-mouse IgG at 1:2,500 in PBS for 1 h. After the blot was washed three times with PBS, antibodies were visualized using an enhanced chemiluminescence kit (Cell Signaling Technology company, Danvers, MA, USA) and signals were recorded as bands on Kodak X-ray films (Eastman-Kodak, Rochester, NY, USA). The film was scanned and the band intensity was analyzed using a densitometer (MSF-300 G Scanner; Microtek, Xinzhu, Taiwan). β-actin served as an internal reference.
Radioligand binding assay (RLBA).
An RLBA was performed as previously described (15) . Briefly, the cells were inoculated in 24-well plates at a density of 5x10 4 cells/well using the medium described above. LPS at varying concentrations (0, 50, 100 or 200 ng/ml) was added. The cells were incubated for 4, 8, 12 or 16 h and subsequently kept in chilled PBS for 10 min. The cells were washed again using 2 ml chilled PBS to remove endogenous AngII completely. According to protocols of previous studies (16, 17) , the cells were incubated with 0. 
LPS increases AT1R expression in HPMECs.
The transcription of AT1R increased significantly following LPS treatment (Fig. 1) . After a 16-h incubation, LPS caused an increase of ~8-fold in the 200 ng/ml group, and ~5-fold increase in the 100 ng/ml group. In the 50 ng/ml group, the increase of AT1R transcription exhibited a significant time-dependent effect, whereas in the 100 and 200 ng/ml groups, AT1R transcription appeared to be stably maintained following a 4-h incubation with the exception of a marginal increase after an 8-h incubation in the 100 ng/ml group (16 vs. 4 h, P=0.001; 16 vs. 8 h, P=0.018; 12 vs. 4 h, P=0.011). Consistently, western blot analysis revealed a marked increase in the AT1R protein level following LPS treatment (Fig. 2) . A significant dose-dependent increase was observed in each group for each incubation duration. A time-dependent increase was observed in the 50 and 100 ng/ml groups, while in the 200 ng/ml group, AT1R quantities reached a peak value after an 8-h incubation then remained at the same level. Transcription of AT2R was not detected in the HPMECs with or without LPS; however, a fault with the primers was excluded, as the primers had been used effectively in the HRMCs in which AT2R was transcribed (Data not shown). In addition, western blot analysis revealed that AT2R was not expressed.
LPS increases Bmax, but not the affinity of HPMEC-expressed AT1R to Ang II.
The Bmax of AT1R of the treated groups (50, 100 and 200 ng/ml) increased significantly compared with the control group (Fig. 3) . Scatchard plotting revealed a significant linear correlation and regression (R 2 =0.9514, b=-0.00092). The Bmax of the 100 and 200 ng/ml groups reached a peak 
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value at 12 and 8 h, respectively, and the two exhibited a significant decrease thereafter significant decrease thereafter (12 vs. 16 h in the 100 ng/ml group, P<0.001; 8 vs. 12 h and 8 vs. 16 h in the 100 ng/ml group, P<0.001). By contrast, the Bmax of the 50 ng/ml group increased to the peak value at 12 h in a time-dependent manner, and remained unchanged at 16 h. In addition, the Bmax did not differ among the three treated groups at the 16 h time point. Correspondingly, the Kd representing the affinity exhibited no difference in all of the groups (Table I) .
Discussion
The present study demonstrated that only AT1R was expressed in HPMECs. LPS increased AT1R expression levels, however, did not activate AT2R expression. The result is consistent with a previous study performed using rat pulmonary microvascular endothelial cells (12) . Notably, LPS increased the Bmax of AT1R to Ang II. In addition, the effects of LPS concentration and incubation time on the expression and affinity of AT1R to Ang II were compared.
In the development of ARDS, the endothelial cells act as a barrier to pre-inflammatory mediators and are critical in regulating the exudation of proteins and fluid, vascular tone, hemostasis and inflammatory cells. Ang II activation in HPMECs is important in the pathophysiology of ARDS. Ang II mediates inflammation via AT1R and previous evidence indicates that AT1R is upregulated under certain types of pathological stimulation, i.e. by inflammatory factors. Previous studies have identified that tumor necrosis factor-α, interleukin-1, and interferon-γ upregulate AT1R expression levels in cardiac fibroblasts and vascular smooth muscle cells (8, 18, 19) . The increase of AT1R expression is associated with inflammation and other pathological effects. Furthermore, the change in AT1R expression is important in the inflammatory response in the lungs, which may involve the onset and progression of ARDS. In addition, it has been reported that AT1R blockers delay the onset of ARDS (20) .
The results of the present study demonstrate that LPS enhances the expression of AT1R in HPMECs with an increased stimulating concentration of LPS and a longer time duration. Notably, it was observed that AT1R expression increased in a time-dependent manner in the low concentration groups, whereas in the 200 ng/ml group, the expression appeared to reach a peak value within a short incubation time. It was therefore hypothesized that increasing the LPS concentration increased the rate of AT1R expression. The increase in expression level in the high concentration groups was particularly rapid, therefore the process was not captured. The level of AT1R expression reached different peak values in the three groups within the examined time course. Thus, it was proposed that peak value may be associated with LPS concentration. In addition, HPMECs did not express AT2R and treatment with LPS failed to activate AT2R. Therefore, the physiological role of AT2R remains to be clarified. It is hypothesized that the LPS-regulation of AT2R may be tissue-specific and AT2R may not be involved in ARDS.
The mechanism that mediates the LPS-induced increase of AT1R expression in HPMECs remains to be elucidated. Studies have indicated that nuclear factor (NF)-κB is required for cytokine-induced upregulation of AT1R transcription in rat cardiac fibroblasts (21) . Preliminary bioinformatic analysis of Table I . Dissociation constant of each group at varying lipopolysaccharide concentrations (ng/ml).
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the 5'-flanking region of AT1R revealed two putative NF-κB binding sites at positions -365 and -2540 (22) . LPS, a strong pre-inflammatory factor, potently activate NF-κB through a toll-like receptor (23) . It was hypothesized that NF-κB may also be involved in the LPS-induced upregulation of AT1R transcription in HPMECs, which requires examination in future studies.
AT1R functions upon binding to Ang II. Therefore, the affinity and binding capacity of the highly-expressed AT1R was assessed. It was confirmed by RLBA that LPS-induced AT1R binding escalated with treatment durations between 4 and 16 h in the 50 ng/ml group. The increased Bmax may have been due to the upregulation of AT1R expression. Increased binding of AT1R to Ang II may be involved in the development of ARDS. However, an explanation for the decrease in binding after 12 h and after 8 h in the 100 and 200 ng/ml groups, respectively, remains to be elucidated. The complex mechanism of Ang II binding-induced AT1R internalization may be a possible explanation; AT1R has long been considered as an internalizing receptor (24) . Internalization of Ang II has been reported in numerous cells of vascular, adrenal and renal origin, which express AT1R. The majority of the morphological data indicate that endocytosis of AT1R occurs via coated endocytic vesicles, similar to the internalization mechanism of the majority of other G protein-coupled receptors (25) . Thus, internalization may also be associated with the LPS concentration, as the Bmax of the 100 and 200 ng/ml groups dropped more markedly than that of the 50 ng/ml group.
In addition, alteration of the affinity of Ang II binding to AT1R may alter AT1R pre-inflammatory function. In the RLBA experiment, the sole function of the cells is the specific binding with their associated ligand. The critical factor affecting the affinity is the phosphorylation of the receptor's intracellular domain. The present RLBA experiment demonstrated that LPS failed to alter the affinity of Ang II binding to AT1R.
In conclusion, LPS enhanced AT1R expression, although did not activate AT2R expression in HPMECs. In addition, LPS increased the binding of AT1R to Ang II, however did not alter the affinity of AT1R to Ang II. The present results indicate that AT1R may be involved in LPS-induced ARDS.
